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(57)Abstract: 

PROBLEM TO BE SOLVED: To enable frequency 
comparison with only an NRZ signal, without 
requiring a reference clock outputting a comparison 
result, only when existence of change of data is 
detected by a detecting means. 
SOLUTION: The change of the data of an NRZ signal 
is detected by a D-FF11 and an EX-OR gate 12, and 
the position of the change of NRZ data in a single 
cycle of a clock CLK is detected by D-FF 13, 14. A 
reference point to detect the cycle of the NRZ signal 
is set by an OR gate 15 and D-FF 18. The phase of 
the NRZ signal in the next one cycle of the clock CLK 
is detected, and when the phase is found shifted, an 
UP-signal for raising the frequency is outputted by an 

OR gate 16 and D-FF 19, the phase of the NRZ signal in the next one cycle of the clock 
CLK is detected, and when the phase has been shifted, a DOWN-signal for lowering the 
frequency is outputted by an OR gate 17 and D-FF20. Thus, the frequency comparison 
can be performed with only the NRZ signal. 
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(54) FREQUENCY COMPARATOR AND PLL CIRCUIT USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable frequency comparison with only an NRZ signal, 
without requiring a reference clock outputting a comparison result, only when 
existence of change of data is detected by a detecting means. 

SOLUTION: The change of the data of an NRZ signal is detected by a D-FF1 1 and an 
EX-OR gate 12, and the position of the change of NRZ data in a single cycle of a clock 
CLK is detected by D-FF 13, 14. A reference point to detect the cycle of the NRZ 
signal is set by an OR gate 15 and D-FF 18. The phase of the NRZ signal in the next 
one cycle of the clock CLK is detected, and when the phase is found shifted, an 
UP-signal for raising the frequency is outputted by an OR gate 16 and D-FF 19, the 
phase of the NRZ signal in the next one cycle of the clock CLK is detected, and when 



the phase has been shifted, a DOWN-signal for lowering the frequency is outputted by 
an OR gate 17 and D-FF20. Thus, the frequency comparison can be performed with 
only the NRZ signal. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The frequency comparator characterized by having a detection means to be 
the frequency comparator which compares the frequency of a predetermined clock 
signal to the clock frequency of an NRZ signal, and to detect whether data change of 
said NRZ signal is within the period of a round term of said clock signal, and a 
comparison means to output a comparison result only when there was data change 
with said detection means and it is detected. 

[Claim 2] Said detection means is the frequency comparator according to claim 1 
characterized by to have a change location detection means detect the data change 



location of said NRZ signal within a round term of said clock signal, when a phase 
answers the detection output of said data detection means and incorporates the logic 
state of the auxiliary clock signal which was in 90 degrees rather than a data change 
detection means detect data change of said NRZ signal, and said clock signal and this. 
[Claim 3] Said comparison means is a frequency comparator according to claim 1 
characterized by having a setting means to set up the reference point for detecting 
the period of said NRZ signal, and a phase detection means to detect the phase of 
said NRZ signal in the inside of a round term next to said clock signal based on said 
reference point set up by said setting means, and to output said comparison result. 
[Claim 4] It has the frequency comparator which compares a voltage controlled 
oscillator with the clock frequency of an NRZ signal and the frequency of the 
oscillation clock of said voltage controlled oscillator. It is the PLL circuit which 
controls the frequency of the oscillation clock of said electrical-potential-difference 
oscillator based on the comparison output of said frequency comparator. Said 
frequency comparator The PLL circuit characterized by having a detection means to 
detect whether data change of said NRZ signal is within the period of a round term of 
said clock signal, and a comparison means to output a comparison result only when 
there was data change with said detection means and it is detected. 
[Claim 5] Said detection means is the PLL circuit according to claim 4 characterized 
by to have a change location detection means detect the data change location of said 
NRZ signal within a round term of said clock signal, when a phase answers the 
detection output of said data detection means and incorporates the logic state of the 
auxiliary clock signal which was in 90 degrees rather than a data change detection 
means detect data change of said NRZ signal, and said clock signal and this. 
[Claim 6] Said comparison means is a PLL circuit according to claim 4 characterized 
by having a setting means to set up the reference point for detecting the period of 
said NRZ signal, and a phase detection means to detect the phase of said NRZ signal 
in the inside of a round term next to said clock signal based on said reference point 
set up by said setting means, and to output said comparison result. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is PLL (phase locked loop) which used a 
frequency comparator and this. It uses for the PLL circuit and this which take 
especially an NRZ (non return to zero) signal and a synchronization about a circuit, 
and is related with a suitable frequency comparator. 



[0002] 

[Description of the Prior Art] In the PLL circuit which takes an NRZ signal and a 
synchronization, when a frequency was compared conventionally, the configuration 
which compares the frequency of the oscillation clock of a voltage controlled 
oscillator (VCO) and the reference clock from the outside which synchronized with 
the NRZ signal was taken. The example of a circuit of this PLL circuit is shown in 
drawing 5 . 

[0003] In drawing 5 , dividing of it is carried out to 1/n (n is the natural number) with a 
counting-down circuit 103, and the oscillation clock of a voltage controlled oscillator 
101 serves as one input of the frequency phase comparator (PFD) 104 while it 
becomes one input of a phase comparator (PD) 102. A phase comparator 102 
considers an NRZ signal as the input of another side, compares the oscillation clock of 
a voltage controlled oscillator 101 with the phase of an NRZ signal, and outputs the 
DOWN signal for delaying UP signal or the phase for advancing a phase based on the 
phase contrast. 

[0004] On the other hand, the frequency phase comparator 104 compares the 
frequency of the oscillation clock of a voltage controlled oscillator 101, and a 
reference clock which considered the reference clock which synchronized with the 
NRZ signal as the input of another side, and was carried out 1/n dividing, and outputs 
the DOWN signal for making low UP signal or the frequency for making a frequency 
high based on the delta frequency. 

[0005] Each comparison output of a phase comparator 102 and the frequency phase 
comparator 104 turns into two inputs of a selector 105. A selector 105 chooses one 
side of each comparison output of a phase comparator 102 and the frequency phase 
comparator 104 based on the change signal given from an external circuit (not shown). 
The comparison output chosen by this selector 105 is supplied to a voltage controlled 
oscillator 101 as that control voltage through the charge pump circuit 106 and a loop 
filter 107. 

[0006] In the PLL circuit of the above-mentioned configuration, first, a selector 105 is 
changed to the frequency phase comparator 104 side, and processing which draws the 
frequency of the 1/n clock of the oscillation clock of a voltage controlled oscillator 
101 near the frequency of a reference clock is performed based on the comparison 
output of the frequency phase comparator 104. A selector 105 is changed to a phase 
comparator 102 side by this drawing-in processing finishing and giving a change signal 
from an external circuit. Then, based on the comparison output of a phase comparator 
102, processing phase simulation of the oscillation clock of a voltage controlled 
oscillator 101 is carried out [ processing ] to an NRZ signal is performed. 
[0007] In this conventional PLL circuit, since the external circuit for detecting that 
the frequency of the 1/n clock of a VCO clock was drawn near the frequency of a 
reference clock, generating a change signal, and changing a selector 105 is needed 



while the circuit which generates the reference clock which synchronized with the 
NRZ signal is required, only in that part, circuitry becomes complicated. Moreover, 
since it was necessary to enlarge the loop gain of a phase comparator 102, there was 
a trouble that a PLL transfer property worsened. 

[0008] In order to solve these problems, the reference clock which synchronized with 
the NRZ signal is not needed, but there is a PLL circuit of a configuration of that only 
an NRZ signal compares a phase. The example of a circuit of this PLL circuit is shown 
in drawing 6 . In this drawing, the oscillation clock of a voltage controlled oscillator 
(VCO) 111 serves as an input of one way each of a phase comparator (PD) 112 and 
the frequency comparator (FD) 113. The phase comparator 112 and the frequency 
comparator 113 are considering the NRZ signal as the input of each another side. 
[0009] A phase comparator 112 compares the oscillation clock of a voltage controlled 
oscillator 111 with the phase of an NRZ signal, and outputs the DOWN signal for 
delaying UP signal or the phase for advancing a phase based on the phase contrast. 
The comparison output of this phase comparator 112 is supplied as control voltage for 
controlling that phase to a voltage controlled oscillator 111 through the charge pump 
circuit 1 1 4 and a loop filter 1 1 5. 

[0010] On the other hand, the frequency comparator 113 compares the oscillation 
clock of a voltage controlled oscillator 1 1 1 with the frequency of an NRZ signal, and 
outputs the DOWN signal for making low UP signal or the frequency for making a 
frequency high based on the delta frequency. The comparison output of this 
frequency comparator 1 13 is supplied as control voltage for controlling that frequency 
to a voltage controlled oscillator 111 through the charge pump circuit 116 and a loop 
filter 117. 

[0011] The conventional example of the circuitry of the frequency comparator 113 is 
shown in drawing 7 . The clock QGLK which was behind [ an NRZ signal and the 
oscillation clock CLK of the voltage controlled oscillator 111 of drawing 6 , i.e., a VCO 
clock the clock ICLK of this VCO clock CLK and an inphase, and this clock ICLK ] in 
90 degrees of phases is inputted into a circuit conventionally [ this ], respectively. 
[001 2] In drawing 7 , an NRZ signal serves as one input of the EKUSHIKURUSHIBU 
OR (it is hereafter described as EX-OR) gate 122 while serving as D (data) input of 
the D-flip-flop (it is hereafter described as D-FF) 121. D-FF121 is considering the 
VCO clock CLK as CK (clock) input. The non-inverter output Q of this D-FF121 turns 
into an input of another side of the EX-OR gate 122. 

[0013] Clocks ICLK and QCLK become two inputs each of the AND gate 123,124. In 
addition, the input by the side of the clock ICLK of the AND gate 124 is a negative 
logic input. Each output of these AND gates 123,124 turns into D inputs each of 
D-FF125,126. D-FF125,126 considers the output of the EX-OR gate 122 as CK input. 
[0014] Each non-inverter output Q of D-FF125,126 turns into D inputs each of 
D-FF127,128 of the next step, and each non-inverter output Q of D-FF127,128 turns 



into an input of one way each of the AND gate 132,131 while turning into D inputs 
each of D-FF129,130 of the next step further. These D-FF1 27,1 28,1 29,1 30 is 
considering the VCO clock CLK as CK input. 

[0015] Each non-inverter output Q of D-FF129,130 turns into an input of each 
another side of the AND gate 131,132. And it will be outputted as a UP signal for the 
output of the AND gate 132 to make a frequency high as a DOWN signal for the output 
of the AND gate 131 to make a frequency low, respectively. 

[0016] Next, circuit actuation of the frequency comparator of the above-mentioned 
configuration is explained based on the timing chart of drawing 8 . In addition, in the 
timing chart of drawing 8 , the output of (b) and the EX-OR gate 1 22 shall be indicated 
[ the output of the AND gate 123 ] to be (c) for the output of (a) and the AND gate 
1 24, respectively, and the same sign shall be given to the part to which drawing 7 
corresponds. 

[001 7] Both the outputs (a) of the AND gate 1 23 serve as "H" level, when Clocks 
ICLK and QCLK are high level (it is hereafter described as "H" level), and as for the 
output (b) of the AND gate 124, Clock ICLK serves as "H" level, when a low (it is 
hereafter described as "L" level) and Clock QCLK are "H" level. Here, the output (b) 
of X and the AND gate 124 sets [ the output (a) of the AND gate 123 ] the period of 
"H" level to Y for the period of "H" level. 

[0018] In a period with the VCO clock CLK, if data change of an NRZ signal enters at 
Period X as shown in the timing chart of drawing 8 , the data change will be detected 
in D-FF121 and the EX-QR gate 122, and the output (c) of the EX-OR gate 122 will 
serve as "H" level. 

[0019] Since the output (a) of the AND gate 123 is "H" level at this time, this output 

(a) is latched to D-FF1 25 to the transition timing of the output (c) of the EX-OR gate 
122. Thereby, the non-inverter output Q of D-FF125 serves as "H" level. And the 
non-inverter output Q of D-FF125 is incorporated by D-FF127 to the timing of the 
start of the next period of the VCO clock CLK. 

[0020] In the next period of this VCO clock CLK, if the data change next to an NRZ 
signal enters at Period Y as shown in the timing chart of drawing 8 , that data change 
will be detected in D-FF121 and the EX-OR gate 122, and the output (c) of the 
EX-OR gate 122 will serve as "H" level again. 

[0021] Since the output (b) of the AND gate 124 is "H" level at this time, this output 

(b) is incorporated by D-FF126 to the transition timing of the output (c) of the EX-OR 
gate 122. Thereby, the non-inverter output Q of D-FF126 serves as "H" level. And 
the non-inverter output Q of D-FF126 is incorporated by D-FF128 to the timing of 
the start of the next period of the VCO clock CLK. 

[0022] At this time, the non-inverter output Q of D-FF127 is incorporated by 
coincidence at D-FF129. Since each non-inverter outputs Q of both of D-FF128,129 
serve as "H" level and both two inputs of the AND gate 131 serve as "H" level by this. 



"H" level is served as, the output, i.e., UP signal, of the AND gate 131. 
[0023] That is, to the period of an NRZ signal, when data change of an NRZ signal 
enters a certain period at Period X and the data change next to an NRZ signal enters 
with the following period at Period Y, since the frequency of the VCO clock CLK is a 
high translation, the DOWN signal for making the frequency of the VCO clock CLK low 
will be outputted short [ the period of the VCO clock CLK ]. 

[0024] On the other hand, UP signal for making the frequency of the VCO clock CLK 
high, since the frequency of the VCO clock CLK is a low translation with the long 
namely, period of the VCO clock CLK will be outputted [ as opposed to / when data 
change of an NRZ signal enters a certain period at Period Y although not shown in the 
timing chart of drawing 8 , and the data change next to an NRZ signal enters with the 
following period at Period X / the period of an NRZ signal ]. 
[0025] 

[Problem(s) to be Solved by the Invention] However, since NRZ data have 
composition which compares like 10001 even when change is not continuous, when 
between change of gap of several% of phase of NRZ data is vacant in fact, it may 
become dozens of/o of gap, and the judgment of UP/DOWN may be mistaken by the 
conventional frequency comparator mentioned above. When this error continues by 
chance, outputting a DOWN signal is continued in the place which must output UP 
signal in fact, for example, and there is a danger of locking exactly in the place of the 
double period of an NRZ signal of causing the so-called harmonic lock. 
[0026] It is made in view of the above-mentioned technical problem, and the place 
made into the purpose does not need a reference clock, but this invention aims at 
offering the anxious PLL circuit from which the frequency comparator which can 
perform a frequency comparison only by the NRZ signal, and a harmonic lock are 
raised and which is not. 
[0027] 

[Means for Solving the Problem] The frequency comparator by this invention is a 
frequency comparator which compares the frequency of a predetermined clock signal 
to the clock frequency of an NRZ signal, and has composition equipped with a 
detection means to detect whether data change of an NRZ signal is within the period 
of a round term of a clock signal, and a comparison means to output a comparison 
result only when there was data change with this detection means and it is detected. 
[0028] Moreover, the PLL circuit by this invention has composition using the 
frequency comparator of the above-mentioned configuration as a frequency 
comparator which compares the frequency of the clock of an NRZ signal, and the 
oscillation clock of a voltage controlled oscillator. 

[0029] In the frequency comparator of the above-mentioned configuration, and the 
PLL circuit using this, in case a frequency comparison is performed only using an NRZ 
signal, the existence of data change of the NRZ signal within the period of a round 



term of a predetermined clock signal (oscillation clock of a voltage controlled 
oscillator) is detected first. And a comparison result is outputted only when data 
change is within the period of a clock's concerned round term. That is, it restricts, 
when data change of an NRZ signal continues, and a frequency comparison is 
performed, and it is made to output the comparison result. 
[0030] 

[Embodiment of the Invention] Hereafter, it explains to a detail, referring to a drawing 
about the gestalt of operation of this invention. 

[0031] Drawing 1 is the block diagram showing 1 operation gestalt of this invention. 
The clock (auxiliary clock) SCK which was behind [ Clock CLK and this clock CLK of 
the same frequency as an NRZ signal and the clock frequency of this NRZ signal ] in 
90 degrees of phases is inputted into the frequency comparator 10 concerning this 
operation gestalt, respectively. 

[0032] In drawing 1 , an NRZ signal serves as one input of the EX-OR gate 12 while 
serving as D input of D-FF11. D-FF11 is considering Clock CLK as CK input. The 
non-inverter output Q of this D-FF1 1 turns into an input of another side of the 
EX-OR gate 12. 

[0033] Here, if NRZ data change, since the data of the change timing will be delayed 
by D-FF1 1 by one clock and will be inputted into the EX-OR gate 12 with the data of 
the following clock timing, the output of the EX-OR gate 1 2 changes on "H" level from 
"L" level. And it returns to "L" level in the start of Clock CLK. That is, D-FF1 1 and 
the EX-OR gate 1 2 constitute a means to detect data change of an NRZ signal. 
[0034] When it comes to each CK input of D-FF 13 and 14, both the outputs of the 
EX-OR gate 12 turn into one input of 3 input OR gate 15. When Clock CLK is 
considered as D input and NRZ data change, D-FF13 answers the output of the 
EX-OR gate 12 given as a CK input, and incorporates the logic state of Clock CLK. 
When it comes to other one inputs of the OR gate 15, both the non-inverter outputs Q 
of D-FF13 turn into one input each of 3 input OR gates 16 and 17. 
[0035] When Clock SCK is considered as D input and NRZ data change, D-FF14 
answers the output of the EX-OR gate 12 given as a CK input, and incorporates the 
logic state of Clock SCK. When it comes to the one remaining input of the OR gate 15, 
both the non-inverter outputs Q of D-FF14 turn into one input of each ** of the OR 
gates 16 and 17. These D-FF 13 and 14 constitutes a means to detect the change 
location of the NRZ data within a round term of Clock CLK. 

[0036] The input to which two inputs of 3 input OR gate 1 5, i.e., the output of the 
EX-OR gate 12, are given, and the non-inverter output Q of D-FF14 give, and the 
**** input is a negative logic input. The output of the OR gate 15 turns into D input of 
D-FF18. D-FF18 considers Clock CLK as CK input, and incorporates the logic state of 
the output of the OR gate 15 to the timing of the start. The OR gate 15 and D-FF18 
constitute a means to set up the reference point for detecting the period of an NRZ 



signal. 

[0037] The non-inverter output Q of D-FF18 turns into each one remaining input of 
the OR gates 16 and 17. Two inputs Q of 3 input OR gate 16, i.e., the non-inverter 
output of D-FF13, give, a **** input and the non-inverter output Q of D-FF14 give, 
and the **** input is a negative logic input. Each output of the OR gates 16 and 17 
turns into D inputs each of D-FF 19 and 20. D-FF 19 and 20 considers Clock CLK as 
OK input, and incorporates the logic state of each output of the OR gates 1 6 and 1 7 to 
the timing of the start. 

[0038] And it will be outputted [ as a UP signal for the opposition output Qx of 
D-FF19 to make a frequency high ], respectively as a DOWN signal for the opposition 
output Qx of D-FF20 to make a frequency low. namely, — the OR gate — 16 — and 

— D-FF — 19 — a clock — CLK — a degree — a round — a term — inside — NRZ 

— a signal — a phase — detecting — shifting — **** — the time — UP — a signal 

— outputting — a means — the OR gate — 17 — and — D-FF — 20 — a clock — 
CLK — a degree — a round — a term — inside — NRZ — a signal — a phase — 
detecting — shifting — **** — the time — a DOWN signal — outputting — a means 

— respectively — constituting — **** . 

[0039] Next, circuit actuation of the frequency comparator concerning this operation 
gestalt of the above-mentioned configuration is explained using the timing chart of 
drawing 2 and drawing 3 . 

[0040] In the timing chart of drawing 2 and drawing 3 (a) in addition, the output of the 
EX-OR gate 11 In (b), (c) the non-inverter output Q of D-FF13 the non-inverter 
output Q of D-FF14 As for (d), (e) shall give the same sign for the output of the OR 
gate 15 to the part to which (f) shows the output of the OR gate 17 to, (g) shows the 
non-inverter output Q of D-FF18 to, respectively, and drawing 1 corresponds the 
output of the OR gate 16. 

[0041] First, in the timing chart of drawing 2 and drawing 3 , supposing NRZ data 
change in the period of time of day t3 and time of day t4, the output (a) of the EX-OR 
gate 12 will change on "H" level from "L" level. At this time, Clock CLK is in "L" level. 
Clock SCK is in the logic state of "H" level, and that logic state is incorporated by 
D-FFs 13 and 14, respectively. Thereby, since "L" level and the non-inverter output 
(c) of D-FF14 serve as [ non-inverter output / of D-FF13 / Q (b) ] "H" level, the 
output (d) of the OR gate 15 serves as "L" level, and both each output (e) of the OR 
gates 16 and 17 and (f) are set to "H" level. 

[0042] And when Clock CLK starts at time of day t5, the output (d) of the OR gate 15 
incorporates return on "H" level and D-FF18 incorporates [ the output (a) of the 
EX-OR gate 12 ] the logic state of "H" level of the output (d) of the OR gate 15 till 
then on "L" level synchronizing with this, respectively, non-inverter output Q (g) is 
set to "L" level. This time turns into a reference point for detecting the period of an 
NRZ signal. At this time, to coincidence, D-FF 19 and 20 incorporates the logic state 



of "H" level of each output (e) of the OR gates 1 6 and 1 7, and (f), and both the UP 
signals and DOWN signals that are those opposition outputs Qx are in "L" level 
condition at it. 

[0043] And if the data change next to an NRZ signal takes place in the period of time 
of day t6 and time of day t7 as shown in the timing chart of drawing 2 , the output (a) 
of the EX-OR gate 1 2 will change on "H" level from "L" level again. At this time, both 
the clocks GLK and SGK are in the logic state of "H" level, and that logic state is 
incorporated by D-FF 13 and 14, respectively. Thereby, non-inverter output [ of 
D-FF13 ] Q (b) is set to "H" level, and non-inverter output [ of D-FF14 ] Q (c) 
maintains the condition of "H" level succeedingly. 

[0044] In connection with this, the output (e) of the OR gate 1 6 serves as "L" level, 
and the output (f) of the OR gate 17 maintains the condition of "H" level succeedingly. 
And when Clock CLK starts at time of day t9, the output (a) of the EX-OR gate 1 2 
incorporates return on "L" level and D-FF18 incorporates the logic state of "H" level 
of the OR gate 15 synchronizing with this, non-inverter output Q (g) is set to "H" 
level. 

[0045] In order that D-FF19 may incorporate the logic state of "L" level of the output 
(e) of the OR gate 16 to coincidence and D-FF20 may incorporate the logic state of 
"H" level of the output (f) of the OR gate 17 to it at this time, only UP signal which is 
the opposition output Qx of D-FF19 serves as "H" level. At this time, the output (e) 
of the OR gate 16 changes on "H" level in connection with non-inverter output [ of 
D-FF18 ] Q (g) changing on "H" level. 

[0046] And when Clock CLK starts at time of day t13, in order that D-FF19 may 
incorporate the logic state of "H" level of the output (e) of the OR gate 16, UP signal 
serves as "L" level. That is, as a result of comparing the clock frequency of an NRZ 
signal with the frequency of Clock CLK, since the frequency in the direction of Clock 
CLK is low (a period is long), UP signal for making the frequency of Clock CLK high will 
be outputted only for the period for one period of Clock CLK. 

[0047] in addition — the case where the data change next to an NRZ signal takes 
place in the period of time of day t7 and time of day t8 — this period — Clock CLK — 
"L" — level and Clock SCK — " — since it is the same as the period of time of day t3 
and time of day t4 when it is in the logic state of H" level and NRZ data change first 
namely, a condition does not change. Therefore, in the period of time of day t9 to the 
time of day t13 which is a next Clock's CLK round term, data change of an NRZ signal 
is seen in this case. 

[0048] Next, if the data change next to an NRZ signal takes place in the period of time 
of day t8 and time of day t9 as shown in the timing chart of drawing 3 , the output (a) 
of the EX-OR gate 12 will change on "H" level from "L" level again like the case of 
the point. Since both the clocks CLK and SCK are in the logic state of "L" level at 
this time, the non-inverter output (b) of D-FF13 which incorporates that logic state is 



in the condition of "L" level as it is, and the non-inverter output (c) of D-FF14 
changes on ""|_" level from H" level. 

[0049] Thereby, since all of three inputs of the OR gate 17 are set to "L" level, the 
output (f) serves as "L" level. And when Clock CLK starts at time of day t9, the 
output (a) of the EX-OR gate 12 incorporates return on "L" level and D-FF18 
incorporates the logic state of "H" level of the OR gate 15 synchronizing with this, 
non-inverter output Q (g) is set to "H" level. 

[0050] In order that D-FF19 may incorporate the logic state of "H" level of the output 
(e) of the OR gate 16 to coincidence and D-FF20 may incorporate the logic state of 
"L" level of the output (f) of the OR gate 17 to it at this time, only the DOWN signal 
which is the opposition output Qx of D-FF20 serves as "H" level. At this time, the 
output (f) of the OR gate 17 changes on "H" level in connection with non-inverter 
output [ of D-FF18 ] Q (g) changing on "H" level. 

[0051] And when Clock CLK starts at time of day t13, in order that D-FF20 may 
incorporate the logic state of "H" level of the output (f) of the OR gate 17, a DOWN 
signal serves as "L" level. That is, as a result of comparing the clock frequency of an 
NRZ signal with the frequency of Clock CLK, since the frequency in the direction of 
Clock CLK is high (a period is short), the DOWN signal for making the frequency of 
Clock CLK low will be outputted only for the period for one period of Clock CLK. 
[0052] in addition, when an NRZ signal carries out data change in the period of time of 
day t5 and time of day t6 In this period, Clock CLK is in "H" level and Clock SCK is in 
the logic state of "L" level. Since "H" level and the output (c) of D-FF14 serve as 
[ the output (b) of D-FF1 3 ] "L" level and both each output (e) of the OR gates 1 6 and 
17 and (f) are set to "H" level, both UP signal and a DOWN signal are still "L" level. 
[0053] moreover, in the period of time of day t5 to the time of day t9, when there is no 
data change A condition (b), i.e., the output of D-FF13, when clock data change first 
"L" level, Since the condition of "H" level is maintained for the output (c) of D-FF14 
and both each output (e) of the OR gates 16 and 17 and (f) are set to "H" level, both 
UP signal and a DOWN signal are still "L" level. 

[0054] Furthermore, since non-inverter output [ of D-FF18 ] Q (g) is in the condition 
of "H" level in the period and both each output (e) of the OR gates 16 and 17 and (f) 
are set to "H" level when data change is before the time of day t5 of the start of 
Clock CLK, both UP signal and a DOWN signal are still "L" level. 
[0055] According to the frequency comparator 10 which starts this operation gestalt 
like [ it is ****** and ] from the above explanation, even if it does not use a reference 
clock, the judgment of UP/DOWN is not mistaken, in order to restrict to data change 
which the NRZ signal followed and to perform a frequency comparison, while only an 
NRZ signal can perform a frequency comparison. 

[0056] Drawing 4 is the block diagram showing an example of the configuration of the 
PLL circuit concerning this invention, drawing 4 — from — being ****** — like — 



this invention — starting — PLL — a circuit — 30 — a voltage controlled oscillator 
(VCO) — 31 — a phase comparator — ( — PD — ) — 32 — a frequency — a 
comparator — ( — FD — ) — 33 — charge — a pump — a circuit — 34 — 35 — and 

— a loop filter — 35 — 36 — having — a frequency — a comparator — 33 — ****** 

— drawing 1 — having been shown — a configuration — a frequency — a comparator 

— ten — using — **** . 

[0057] In the PLL circuit 30 of the above-mentioned configuration, the oscillation 
clock (VCO clock) of a voltage controlled oscillator 31 serves as an input of one way 
each of a phase comparator 32 and the frequency comparator 33. The phase 
comparator 32 and the frequency comparator 33 are considering the NRZ signal as 
the input of each another side. 

[0058] A phase comparator 32 compares the phase of a VCO clock and an NRZ signal, 
and outputs the DOWN signal for delaying UP signal or the phase for advancing a 
phase based on the phase contrast. The comparison output of this phase comparator 
32 is supplied as control voltage for controlling that phase to a voltage controlled 
oscillator 31 through the charge pump circuit 34 and a loop filter 35. 
[0059] On the other hand, the frequency comparator 33 compares the frequency of a 
VCO clock and an NRZ signal, and outputs the DOWN signal for making low UP signal 
or the frequency for making a frequency high based on the delta frequency. The 
comparison output of this frequency comparator 33 is supplied as control voltage for 
controlling that frequency to a voltage controlled oscillator 31 through the charge 
pump circuit 36 and the CR loop filter 37. 

[0060] Thus, since mistaken UP signal / DOWN signal does not output from restricting 
the frequency comparator 10 concerned to data change which the NRZ signal followed 
by constituting the PLL circuit 30 using the frequency comparator 10 concerning this 
operation gestalt shown in drawing 1 , and performing a frequency comparison, the 
anxious PLL circuit from which the harmonic lock which the double period of an NRZ 
signal locks by the way exactly raises and which is not can make. 
[0061] In addition, it does not pass over the circuitry shown with the 
above-mentioned operation gestalt to an example, and it is not limited to this. 
[0062] 

[Effect of the Invention] As explained above, in case a frequency comparison is 
performed only using an NRZ signal according to this invention By having made it 
output a comparison result, only when the existence of data change of the NRZ signal 
within the period of a round term of a clock signal was detected and data change was 
within the period of a round term of a clock signal The anxious PLL circuit from which 
mistaken UP signal / DOWN signal are not outputted, and the harmonic lock which is 
the double period of an NRZ signal, and which is locked by the way is raised exactly 
and which is not can be made. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the frequency comparator concerning 1 
operation gestalt of this invention. 

[Drawing 2] It is a timing chart (the 1) for explaining circuit actuation of the frequency 
comparator concerning this operation gestalt. 

[Drawing 3] It is the timing chart (the 2) of ** explaining circuit actuation of the 
frequency comparator concerning this operation gestalt. 

[Drawing 4] It is the block diagram showing an example of the configuration of the PLL 
circuit which this invention requires. 

[Drawing 5] It is the block diagram showing the 1 conventional example of a PLL 

circuit. 

[Drawing 6] It is the block diagram showing other conventional examples of a PLL 

circuit. 

[Drawing 7] It is the block diagram showing the configuration of the frequency 
comparator concerning the conventional example. 

[Drawing 8] It is a timing chart for explaining circuit actuation of the frequency 
comparator concerning the conventional example. 
[Description of Notations] 

10 33 [ — 3 input OR gate, 30 / — A PLL circuit, 31 / — A voltage controlled 
oscillator (VCO), 32 / — 34 A phase comparator, 35 / — Charge pump circuit ] — A 
frequency comparator, 11, 13, 14, 18, 19, 20 — D-flip-flop, 12 — 
EX(EKUSHIKURUSHIBU)-OR gate, 15, 16, 17 



